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COAXIAL CONNECTOR WITH
CAPACITIVELY COUPLED CONNECTOR

INTERFACE AND METHOD OF
MANUFACTURE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation-in-part of commonly
owned co-pending U.S. Utility patent application Ser. No.
13/6773,084, titled “CONNECTOR WITH CAPACITIVELY
COUPLED CONNECTOR INTERFACE™ filed 9 Nov. 2012

by Kendrick Van Swearingen, Ronald Alan Vaccaro, James P.
Fleming and Jeflrey D Paynter, hereby incorporated by ret-
erence 1n 1ts entirety.

BACKGROUND

1. Field of the Invention

This invention relates to electrical cable connectors. More
particularly, the invention relates to connectors with capaci-
tive coupling between signal conducting portions of the con-
nection interface, which may be compatible with standard
telescoping connector interfaces.

2. Description of Related Art

Coaxial cables are commonly utilized 1n Radio Frequency
(RF) communications systems. Coaxial cable connectors
may be applied to terminate coaxial cables, for example, in
communication systems requiring a high level of precision
and reliability.

Connector interfaces provide a connect/disconnect func-
tionality between a cable terminated with a connector bearing
the desired connector interface and a corresponding connec-
tor with a mating connector 1interface mounted on an appara-
tus or a further cable. Prior coaxial connector interfaces typi-
cally utilize a retainer provided as a threaded coupling nut
which telescopically draws the connector interface pair 1nto
secure electro-mechanical engagement as the coupling nut,
rotatably retained upon one connector, 1s threaded upon the
other connector.

Passive Intermodulation Distortion (PIM)1s a form of elec-
trical interference/signal transmission degradation that may
occur with less than symmetrical interconnections and/or as
clectro-mechanical interconnections shift or degrade over
time, for example due to mechanical stress, vibration, thermal
cycling, and/or maternial degradation. PIM 1s an important
interconnection quality characteristic, as PIM generated by a
single low quality interconnection may degrade the electrical
performance of an entire RF system.

Recent developments 1in RF coaxial connector design have
focused upon reducing PIM by improving interconnections
between the conductors of coaxial cables and the connector
body and/or inner contact, for example by applying a molecu-
lar bond 1nstead of an electro-mechanical interconnection, as
disclosed in commonly owned U.S. Patent Application Pub-
lication 2012/0129391, titled “Connector and Coaxial Cable
with Molecular Bond Interconnection”, by Kendrick Van
Swearingen and James P. Fleming, published on 24 May 2012
and hereby incorporated by reference 1n 1ts entirety.

There 1s a large pool of existing cables and/or equipment
utilizing coaxial connectors with standardized coaxial con-
nector mtertaces, such as the 716 DIN connector interface or
the like. It may be cost prohibitive to adopt new technologies
where such would require replacement and/or re-connector-
1zing of existing cabling and/or equipment.

Competition in the cable connector market has focused
attention on i1mproving interconnection performance and
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long term reliability of the interconnection. Further, reduction
of overall costs, including matenals, training and installation
costs, 1s a significant factor for commercial success.

Therefore, 1t 1s an object of the mvention to provide a
coaxial connector and method of interconnection that over-
comes deficiencies in the prior art.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated 1n
and constitute a part of this specification, 1llustrate embodi-
ments of the invention, where like reference numbers 1n the
drawing figures refer to the same feature or element and may
not be described 1n detail for every drawing figure in which
they appear and, together with a general description of the
invention given above, and the detailed description of the
embodiments given below, serve to explain the principles of
the invention.

FIG. 1 1s a schematic partial cutaway side view of an
exemplary coaxial connector 1n an interlocked position with a
bulkhead mount female connector receiving portion.

FIG. 2 1s a schematic close-up view of area B of FIG. 1.

FIG. 3 1s a schematic 1sometric partial cutaway view of an
alternative coaxial connector 1n an interlocked position with a
bulkhead mount female connector receiving portion.

FIG. 4 1s a schematic 1sometric view of the dielectric spac-
ers of the coaxial connector of FIG. 3.

FIG. 5 1s a schematic 1sometric exploded view of elements
ol another alternative coaxial connector and a female connec-
tor receiving portion.

FIG. 6 1s a schematic side view of the coaxial connector and
receiving portion of FIG. 5, in the mterlocked position.

FIG. 7 1s a schematic cutaway side view of the coaxial
connector and receiving portion of FIG. 6.

FIG. 8 1s a close-up view of area D of FIG. 7.

FIG. 9 1s a schematic cutaway side view of another alter-
native coaxial connector, with a polymeric releasable
retainer.

FIG. 10 1s a schematic close-up view of area B of FIG. 9.

FIG. 11 1s a schematic cut-away side view of another
alternative coaxial connector with a retainer dielectric coating
provided on the threads of the releasable retainer.

FIG. 12 15 a schematic close-up view of area B of FIG. 11.

FIG. 13 1s a schematic 1sometric view of the inner contact
and insulator of the coaxial connector of FIG. 9.

FIG. 14 1s a schematic cutaway view of the inner contact
and insulator of FIG. 13.

FIG. 15 1s a schematic cutaway view of the connector body
of the coaxial connector of FIG. 9.

FIG. 16 1s a schematic cutaway view of the connector body
of FIG. 15.

FIG. 17 1s a schematic close-up view of area B of FIG. 17.

DETAILED DESCRIPTION

The inventors have recognized that PIM may be generated
at, 1n addition to the interconnections between the inner and
outer conductors of a coaxial cable and each coaxial connec-
tor, the electrical interconnections between the connector
interfaces ol mating coaxial connectors.

One skilled 1 the art will appreciate that a capacitive
coupling interconnection may be optimized for a specific
operating Irequency band. For example, the level of capaci-
tive coupling between separated conductor surfaces 1s a func-
tion of the desired frequency band(s) of the electrical signal
(s), the surface area of the separated conductor surfaces, the
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dielectric constant of a dielectric spacer and the thickness of
the dielectric spacer (distance between the separated conduc-
tor surfaces).

Capacitive coupling between spaced apart conductor sur-
faces eliminates the direct electrical current interconnection
between these surfaces that may otherwise be subject to PIM
generation/degradation.

As shown for example 1n FIGS. 1-4, a capacitively coupled
coaxial connection interface 3 for a coaxial connector 2
applies an outer conductor dielectric spacer 4 at the interface
end 6 of a connector body (here demonstrated as a male
connector body 8) between each of the outer conductor cou-
pling surfaces 10 which couple the signal path of the outer
conductor 12 of a coaxial cable 13 across the connection
interface 3.

Similarly, an inner conductor dielectric spacer 14 may be
applied to the mterface end 6 of an inner conductor coupling
surface 15 of the connection interface which couples the
signal path of an mner conductor 16 across the connection
interface 3.

One skilled 1n the art will appreciate that interface end 6
and cable end 7 are applied herein as 1dentifiers for respective
ends of both the coaxial connector 2 and also of discrete
clements of the coaxial connector 2 and the recerving portion
described herein, to 1dentily same and their respective 1nter-
connecting surfaces according to their alignment along a
longitudinal axis of the coaxial connector 2 between an inter-
face end 6 and a cable end 7 of each of the male connector
body 8 and female connector body 18. When interconnected
by via connection interface 3, the interface end 6 of the male
connector body 8 1s coupled to the interface end 6 of the
female connector body 18.

The outer conductor dielectric spacer 4 and the inner con-
ductor dielectric spacer 14 are insulated from the outer con-
ductor coupling surface 10 and the inner conductor coupling
surface 13, respectively, from direct contact with a mating
connection interface 5 of the recerving portion.

Thereby, when the male connector body 8 1s secured within
a corresponding receiving portion (here demonstrated as a
female connector body 18 and an inner conductor socket 26),
an entirely capacitively coupled connector interface 1is
formed. That 1s, there 1s no direct galvanic interconnection
between the mnner conductor or outer conductor electrical
pathways across the connection interface 3.

The dielectric coatings of the outer and inner conductor
dielectric spacers 4, 14 may be provided, for example, as a
ceramic or polymeric dielectric material. Examples of suit-
able polymeric dielectric materials include glass-filled
polypropylene or polycarbonate. One example of a dielectric
coating with suitable compression and thermal resistance
characteristics that may be applied with high precision at very
thin thicknesses 1s ceramic or ceramic glass coatings. These
coatings may be applied directly to the desired surfaces via a
range of deposition processes, such as Physical Vapor Depo-
sition (PVD) or the like. Ceramic and ceramic glass coatings
have a further benefit of a high hardness characteristic,
thereby protecting the coated surfaces from damage prior to
interconnection and/or resisting thickness varniation due to
compressive forces present upon interconnection. The ability
to apply extremely thin dielectric coatings, for example as
thin as 0.5 microns, may reduce the surface area requirement

of the separated conductor surfaces, enabling the overall
dimensions of the connection interface to be reduced.

As best shown 1n FIG. 2, an interface shoulder 20 of the
male connector body 8 provides an interconnection stop for
the telescoping interconnection between the male connector
body 8 and a female connector body 18. The interface shoul-
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4

der 20 and an outer conductor coupling surface 10 of the male
connector body 8, here the inner diameter of male connector
body 8 between the mterface shoulder 20 and the interface
end 6 of the male connector body 8, are covered by the outer
conductor dielectric spacer 4 to space the male connector
body 8 apart from direct contact with an inner sidewall 22 of
an annular groove 24 of the female connector body 18.

The mner conductor dielectric spacer 14 spaces the inner
conductor coupling surface 15 of the coaxial connector 2,
such as a portion of the inner conductor 16, an inner conductor
cap or inner conductor contact coupled to the inner conductor,
apart from direct contact with the mner conductor coupling

surface 135 of the recerving portion, here an inner conductor
socket 26.

The telescopic mating between the male connector body 8
and the female connector body 18 of the exemplary embodi-
ments are secured by a releasable retainer 28. The releasable
retainer 28 may be formed from a dielectric material, for
example a fiber reinforced polymer such as glass filled
polypropylene or polycarbonate, for example as shown in
FIGS. 1 and 5-10. Therefore, the releasable retainer 28 does
not create a galvanic electro-mechanical coupling between
the male connector body 8 and the female connector body 18.

Where the additional wear and/or strength characteristics
of a metal material releasable retainer 28 are desired, for
example where the releasable retainer 28 1s a conventional
threaded lock ring with inner diameter threads 30 that couple
with corresponding outer diameter threads 30 of the female
connector body 18 to draw the male and female connector
bodies 8, 18 together and secure them 1n the mterconnected
position, a retainer dielectric spacer 32 may be applied,
between seating surfaces of the releasable retainer 28 and the
male connector body 8, to electrically isolate the releasable
retainer 28 from the male connector body 8, for example as
shown 1n FIGS. 3 and 4. Alternatively, a metallic or other
conductive material releasable retamner 28 may be applied
with a dielectric coating applied to the inner diameter threads
30 thereot, as shown for example in FIGS. 11 and 12.

One skilled 1n the art will appreciate that the capacitive
coupling connector interface may be applied in embodiments
compatible with existing standardized telescoping coaxial
connector interfaces, such as 71s DIN.

As shown 1n FIGS. 5-17, coaxial connector embodiments
with a connection interface interconnectable with a mating
connection interface demonstrated as a conventional 71s DIN
female coaxial connector interface include an inner contact
34 (best shown 1 FIGS. 13 and 14) wherein the profile and
dimensions of the interface end 6 are adapted so that when the
interface surfaces of the mner contact 34 are covered by the
inner conductor dielectric spacer 14, the outer diameter and
profile of the mnner conductor dielectric spacer 14 satisfies the
716 DIN male mner conductor mating dimension specifica-
tions. For example, 1n this embodiment, the inner conductor
socket 26 according to the 71s DIN connection interface
specification 1s provided as a spring basket 36 with spring
fingers 38 biased radially inward to receive and grasp the
outer diameter of the mmner conductor dielectric spacer 14
therebetween.

Similarly, the dimensions of the mterface shoulder 20 and
male outer conductor coupling surface 10 are dimensioned
such that when these are covered by the outer conductor
dielectric spacer 4, the outer diameter and profile of the outer
conductor dielectric spacer 4 satisfies the 71s DIN male outer
conductor mating dimension specifications, seating coaxially
adjacent the mner sidewall 22 of the annular groove 24 of the
temale connector body 18.
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The outer conductor dielectric spacer 4 may be formed
upon the male connector body 8 (see FIGS. 15-17) and the
iner conductor dielectric spacer 14 formed upon the mner
contact 34 also with an insulator 40 (see FIGS. 13 and 14),

6

While the present invention has been illustrated by the
description of the embodiments thereof, and while the
embodiments have been described 1in considerable detail, 1t 1s
not the intention of the applicant to restrict or in any way limit

prior to final assembly seating of the mnsulator 40 (with inner 5 the scope of the appended claims to such detail. Additional

contact 34 and inner conductor 16 attached) within the bore of

the male connector body 8, to improve access to the corre-
sponding surfaces during dielectric spacer formation.

One skilled 1n the art will appreciate that while the dielec-
tric spacers have been demonstrated coupled to the conductor
surfaces of the “male” portion of the pair of coaxial connec-
tors 2, these dielectric spacers may be alternatively
exchanged to seat upon the corresponding surfaces of the
“female” connector as a known equivalent. Thereby, a
female-type connector with a capacitive coupling connection
interface may be interfaced with corresponding existing con-
ventional male-type connectors to obtain the same PIM
reduction benefit. Telescoping coaxial connection interfaces
including a non-standard variation (FIGS. 1-4) and a 716 DIN
(FIGS. 5-17) have been provided as exemplary embodiments.
Other standardized and non-standard telescoping male or
female connection interfaces may be similarly applied with
the same result/benefits.

The application of capacitive coupling to the connection
interface between male and female connector bodies 8, 18,
enables reliable removable interconnectivity within an RF
system wherein these interconnections are Iree of PIM.
Coaxial coupling connectors adapted for mating with the
standardized connection interface of existing coaxial connec-
tors may enable cost ellicient upgrade to new equipment
and/or cabling providing the benefit of PIM free interconnec-
tions without requiring replacement and/or retrofitting of the
entire RF system. Similarly, an RF system utilizing intercon-
nections with a standardized capacitive coupled connector
interface has the inherent flexibility of later being easily
modified for operation with a conventional electromechanical
interconnection should such become desired in view of
changes to operating frequencies or the like.

Table of Parts
2 coaxial connector
3 connection interface
4 outer conductor dielectric spacer
5 mating connection interface
6 interface end
7 cable end
8 male connector body
10 outer conductor coupling surface
12 outer conductor
13 coaxial cable
14 inner conductor dielectric spacer
15 inner conductor coupling surface
16 inner conductor
18 female connector body
20 interface shoulder
22 inner sidewall
24 annular groove
26 inner conductor socket
28 releasable retainer
30 threads
32 retainer dielectric spacer
34 inner contact
36 spring basket
38 spring fingers
40 insulator

Where 1n the foregoing description reference has been
made to matenals, ratios, mtegers or components having,
known equivalents then such equivalents are herein incorpo-
rated as if individually set forth.

10

15

20

25

30

35

40

45

50

55

60

65

advantages and modifications will readily appear to those
skilled in the art. Therefore, the invention in its broader
aspects 1s not limited to the specific details, representative
apparatus, methods, and illustrative examples shown and
described. Accordingly, departures may be made from such
details without departure from the spirit or scope of appli-
cant’s general inventive concept. Further, it 1s to be appreci-
ated that improvements and/or modifications may be made
thereto without departing from the scope or spinit of the
present invention as defined by the following claims.

We claim:

1. A connector with a capacitively coupled connector inter-
face for interconnection with a recerving portion provided
with an 1nner sidewall, comprising:

a connector body provided with an outer conductor cou-

pling surface at an interface end;

the outer conductor coupling surface covered by an outer

conductor dielectric spacer;

the outer conductor coupling surface dimensioned to seat

spaced apart from the mner sidewall by the outer con-
ductor dielectric spacer, when the connector body and
the recetving portion are in an interlocked position; and

a releasable retainer dimensioned to secure the connector

body and the receiving portion in the mterlocked posi-
tion; the releasable retainer electrically 1solated from the
connector body by a retainer dielectric spacer.

2. The connector of claim 1, wherein the outer conductor
coupling surface of the receving portion abuts an interface
shoulder of the connector body when the connector body and
the rece1ving portion are 1n the interlocked position; the outer
conductor coupling surface of the receiving portion spaced
apart from the interface shoulder by the outer conductor
dielectric spacer.

3. The connector of claim 1, wherein the recerving portion
has a female 716 DIN connection interface.

4. The connector of claim 1, further including an inner
conductor coupling surface at the mterface end of the con-
nector,

an mner conductor dielectric spacer covering the inner

conductor coupling surface;

the imner conductor coupling surface at the interface end of

the connector spaced apart from an inner conductor cou-
pling surface of the recerving portion by the inner con-
ductor dielectric spacer, when the connector body and
the recerving portion are in the interlocked position.

5. The connector of claim 4, wherein the inner conductor
surface 1s generally cylindrical.

6. A connector with a capacitively coupled connector inter-
face for interconnection with a receiving portion provided
with an inner sidewall, comprising:

a connector body provided with an outer conductor cou-

pling surface at an 1nterface end;

the outer conductor coupling surface covered by an outer

conductor dielectric spacer;

the outer conductor coupling surface dimensioned to seat

spaced apart from the inner sidewall by the outer con-
ductor dielectric spacer, when the connector body and
the receiving portion are 1n an interlocked position; and
a releasable retainer of dielectric material dimensioned
to secure the connector body and the recerving portion in
the interlocked position.
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7. A connector with a capacitively coupled connector inter-
face for interconnection with a recerving portion provided
with an mnner sidewall, comprising:

a connector body provided with an outer conductor cou-

pling surface at an 1nterface end;

the outer conductor coupling surface covered by an outer

conductor dielectric spacer;

the outer conductor coupling surface dimensioned to seat

spaced apart from the inner sidewall by the outer con-
ductor dielectric spacer, when the connector body and
the receiving portion are 1n an interlocked position; and
a releasable retainer dimensioned to secure the connec-
tor body and the receiving portion in the interlocked
position; the releasable retainer and the receiving por-
tion are provided with threads.

8. The connector of claim 7, wherein the threads of the
releasable retainer are covered with a dielectric material.

9. A coaxial connector interface for interconnection with a
mating connection interface, comprising:

an outer conductor coupling surface and an 1nner conduc-

tor coupling surface;

an outer conductor dielectric spacer covering the outer

conductor coupling surtace;

an mner conductor dielectric spacer covering the inner

conductor coupling surface;

the outer conductor dielectric spacer and the inner conduc-

tor dielectric spacer insulating the outer conductor cou-
pling surface and the inner conductor coupling surfaces,

respectively, from direct contact with the mating con-
nection interface.

10. The coaxial connector interface of claim 9, further
including a releasable retainer provided with threads; the
releasable retainer drawing the connector mterface and the
mating connection 1nterface telescopically towards one
another as the releasable retainer 1s rotated.

11. The coaxial connector intertace of claam 10, wherein
the releasable retainer 1s electrically 1solated from the outer
conductor coupling surface by a retainer dielectric spacer.

12. The coaxial connector interface of claim 10, wherein
the releasable retainer 1s a dielectric polymer.
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13. The coaxial connector interface of claim 10, wherein
threads of the releasable retainer are coated with a dielectric
material.

14. The coaxial connector interface of claim 9, wherein the
mating connection interface seats against an interface shoul-
der of the coaxial connector interface, the interface shoulder
covered by the outer conductor dielectric spacer.

15. The coaxial connector interface of claim 9, wherein the

mating connection interface 1s a 716 DIN connection inter-
face.

16. A method for manufacturing a connector with a capaci-
tively coupled connector interface for interconnection with a
receiving portion provided with a connection interface
including a sidewall, comprising;:

providing a connector body with an outer conductor cou-

pling surface at an interface end;

covering the outer conductor coupling surface with an

outer conductor dielectric spacer;

the outer conductor coupling surface dimensioned to seat,

spaced apart from the sidewall by the outer conductor
dielectric spacer, when the connector body and the
receiving portion are 1n an interlocked position; and
providing a releasable retainer dimensioned to secure the
connector body and the receiving portion in the inter-
locked position; wherein the releasable retainer does not
galvanically interconnect the connector body with the
receiving portion when the connector body and the
receiving portion are in the interlocked position.

17. The method of claim 16, wherein the outer conductor
dielectric spacer 1s ceramic material 1s applied by physical
vapor deposition upon the outer conductor coupling surface.

18. The method of claim 16, further including providing an
inner conductor coupling surface at the interface end of the
connector;

covering the inner conductor coupling surface with an

inner conductor dielectric spacer;

the 1nner conductor coupling surface spaced apart from an

inner conductor coupling surface at an interface end of
the recerving portion by the mner conductor dielectric
spacer, when the connector body and the receiving por-

tion are 1n the mterlocked position.
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